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Abstract 
Currently, major countries in the world are scheduling or revising their energy strategies, showing the tendency of 
regionalization and internationalization. The concern of energy strategy of China is transforming from the supply-
demand balance of the energy system to the coordination among energy, economy and environment, which involves a 
series of issues including technology, cost, finance, environmental, etc. The multi-objective decision model, used in 
this paper, optimizes the energy structure of china in the next ten years, and a conclusion is made after analyzing the 
optimized results: By 2020, coal-dominated energy structure of China will convert to coal and oil-based energy, and 
primary power will play an essential role as an alternative energy. It means that in the future, the development of 
energy in China must rely on technological innovation, improving energy efficiency, accelerating hydropower, 
nuclear power construction, simultaneously  taking a high degree of emphasis on the development and utilization new 
energy and renewable energy. 
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1. Propose the question 
Energy is an ext remely  important special resource, and it is a top prio rity in the national economic and 
social development strategy. The political and economic relations between countries  are h ighlighted by 
energy issue which is an important area of the national interests. Currently, major countries in the world 
are scheduling or revising their energy strategies, showing the tendency of regionalization and 
internationalization. In  2000, the total energy consumption of China is about 1.246 billion tons of 
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standard coal; about 30 million tons of standard coal in 2009[1]. From the perspective on the balance of 
primary energy, the energy demand of China is about 54 million tons of standard coal by 2050, while 
domestic supply is up to 41 million tons, and the gap is about 10 million tons of it [2]. Thirty or forty years 
later, with the rises of a large number of developing countries in economic power, the supply of the 
energy all over the world will become increasingly tense. The tendency of growing global energy supply 
would not change until a ma jor breakthrough will be achieved in technology. Facing a series of 
challenges and opportunities , we must uphold the scientific concept of development, and make a  long-
term, situation-fitting and operational energy strategy in a global perspective. 
In order to meet the demand of growing energy, considering our coal-based energy production and 
consumption structure, there are two  choices for energy supply routes: First of all, maintain  the supply 
structure of coal-based, while in the process of coal production and consuming, it would confront with a 
series of issues such as environmental pollution and pressure generated from coal transportation and so on. 
In addition, the other routes  is to turn to the optimization and divers ity energy supply, and gradually 
establish a high efficient, clean and sustainable energy system if regarding nuclear power and renewable 
energy as an important alternative energy. However, it will confront with a series of obstacles such as 
technology, cost and finance. The key problem is  how to optimize the energy structure in order to achieve 
economic growth and environmental protection in current economic and technological conditions. This 
article is main ly discussing the research of sustainable energy development strategy in China by using 
multi-objective decision and optimizing analysis of energy structure.  
2. Model, variables and data 
2.1. Structure of the model 
Purpose of this article  is to  achieve the coordination among society, economy and environment 
through optimizing the energy structure. As a decision-making problem, having infinite number of 
solutions and continuous decision variables, it is more  appropriate to use method of weighting to solve 
this problem. In this paper, the basic princip les of method of weighting are used in the construction of 
energy structure optimization model. 
The objective function: Using a variety of energy consumptions as decision variables, they are all 
converted into standard coal because of the different units. Make minimum investment of energy and 
minimum environmental pollution control costs as the objective function. 
Min F(x)=[f1(x)ˈf2(x)]                                                                                                      (1) 
The logistics form of method of weighting is: 
Min F(x)=w1f1(x)+ w2f2(x)                                                                                                 (2) 
While: 
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In the formula: Ai is investments of various energy; Bi is pollution control costs for various energy 
sources; X1 is coal except the coal for power generation; X2 is the oil consumption; X3 is the natural gas 
consumption; X4 is coal for power generation; X5 is primary power. 
Constraints:  
z Total energy consumption is greater than the value of planning, namely: ΣXiıC, C is the planning 
value (see Table 1).  
z The dominant constraint: As the resource endowments  of different regions are different from each 
other, the dominant constraint boundary conditions are different. Set it from a national point of 
view, changes of the structure of energy consumption in the next 10 years are as follows: Coal 
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(50% to 65%); Oil (20% to 30%); Natural gas (2% to 15%); Primary power (10% to 15%); Coal for 
power generation (40% to 75%). The boundary conditions of other provinces in the regions  are set 
on the basis of the existing energy structure, with reference to the national energy structure and 
fluctuations.  
z Non-negative constraints: Xiı0. 
2.2. Fundamental hypothesis condition 
z The model takes the sources of energy coordinated growth with society economy and environment 
as target, the optimization with structure of energy as realize means. 
z Assume that the amount of sources of energy consumption increases with economic growth, 
ignoring the effect brought by such as energy utilization efficiency change, economic restructuring 
and the rise of control level.  
z The basic driving factor of adjustment of energy’s structure is minimizat ion of invention and the 
minimizat ion of govern cost of environmental pollution.  
z Environmental pollution mainly thinks of SO2, smoke and dust in air discharge.  
z Carry out a forecasting with constant price in 2005.  
2.3. Foundation of the data 
z This paper take the energy forecast results of “the energy policy studies” [3] and “China's medium 
and long-term energy strategy” [4] as background and carry out a forecast on total energy demand of 
the whole national 30 provinces , cities and autonomous region except Taiwan and Xizang in 2020 
using high and low two kinds of schemes. Forecast results are showed in Table 1. 
Table 1 the energy total demand in every area is predicted in 2020[5] (unit: Million tons of standard coal) 
Area Low scheme        High scheme Area Low scheme        High scheme 
The whole country 250000 300000 Henan 10217 12260 
Beijing 5903 7084 Hubei 11392 13670 
Tianjin 5042 6050 Hunan 6577 7892 
Hebei 18766 22519 Guangdong 16117 19341 
Shanxi 8938 10726 Guangxi 4191 5029 
Inner Mongolia 8470 10164 Hainan 792 950 
Liaoning 15714 18857 Chongqing 6100 7320 
Jilin 7727 9273 Sichuan 10374 12449 
Heilongjing 11966 14359 Guizhou 5293 6352 
Shanghai 9312 11174 Yunnan 5371 6445 
Jiangsu 15914 19096 Shanxi 5460 6552 
Zhejiang 9850 11820 Gansu 4943 5931 
Anhui 8950 10739 Qinghai 1396 1675 
Fujian 4586 5503 Ningxia 1784 2141 
Jiangxi 3953 4744 Xinjiang 6486 7783 
Shandong 18418 22101    
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z In the model’s calculat ion, with regard to the energy-accessing and energy-balancing provinces, 
unit energy investment costs are adopted all in coal, petroleum, natural gas  and primary power in  
their primary energy structure. Unit investment costs are used in primary  power and fire electricity 
and market prices in others in energy-calling in provinces. The predicted value of various energy 
investment costs of 2005-2020 are showed in Table 2.  
Table 2   the investment cost of unit energy is predicted (Unit: Yuan / one ton of standard coal) 
Energy 2005 2010 2015 2020 
Coal 6.34 E+02 7.36 E+02 8.72 E+02 1.03 E+03 
Oil gas 4.84 E+03 5.62 E+03 6.66 E+03 7.89 E+03 
Thermal power 4.92 E+07 5.71 E+07 6.77 E+07 8.02 E+07 
Other Conversion 1.75 E+03 2.03 E+03 2.41 E+03 2.85 E+03 
Once electricity  8.37 E+07 9.71 E+07 1.15 E+08 1.36 E+08 
Note 1: According to the China Statistical Yearbook data processing 
Note 2: Adopt the scientific counting method, keep two effective figures.  
z According to the pollution control expenses value of SO2 discharge estimated by direct market  
law, the estimated value is 5650 Yuan/ton. The pollution control expenses of the smoke and dust 
are 373.33Yuan/ton.[6] According to the data of “resource save comprehensive utilizat ion manages 
practice”, the coefficients of disposal of pollutants of different energy are shown in Table 3. 
z Fetch (w1, w2) = (1, 1) in operation of this model.                                                                    
Table 3 coefficient fetching value of disposal of pollutants (Unit: Kg/ one ton of standard coal) 
Unit volume of coal 
emissions of pollutants  
 Unit volume of crude oil 
discharge of pollutants   
Unit volume of gas 
discharge of pollutants   
SO2 smoke SO2 smoke SO2 smoke 
20 13.1 7 1.05 0.47 0.21 
3. Operation result and analysis 
According to the above-mentioned condition, take the relevant data enter the model to calculate , its 
result is shown in Table 4. 
According to the perspective of all the nation, since initial investment of electricity is high, considering 
from the economic benefits , it is very difficult  to compete with electricity generation by thermal power in 
the near future, but with the constant increas ing pollution control expenses of the coal-fired and the 
restriction of the pollution emission, the increasing consumption of coal is slow, and its proportion in  the 
total amount of energy-consuming drops, dropping to 54%-63% by 2020, but the coal used for power 
generation will continue increasing, and  the proportion of taking the total amount of coal consumption 
will reach 50%-70%. The growth of the oil gas is rapid, and its proportion rises to 33%-40% of 2020 
years from present 22.5%. In  the following 10 years, the once electricity enters the new stage of rap id 
development, and its proportion in  the total amount of the energy-consuming  will be up  to 13% by 2020, 
and the energy structure will start to be dominated by coal, then by a the diversified structure taking 
nuclear, wind and other renewable energy sources as an important alternative energy . 
Table 4 regional energy structure of China optimized in 2020 
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Area coal              Petroleum    Natural gas  
Once 
electricity Area coal             Petroleum  Natural gas
Once 
electricity 
National 0.54~0.63 0.27~0.31 0.06~0.098 0.116~0.13 Henan 0.61~0.70 0.20~0.25 0.07~0.09 0.08~0.1 
Beijing 0.45~0.54 0.38~0.40 0.07~0.14 0.056~0.06 Hubei 0.55~0.66 0.23~0.26 0.06~0.10 0.1~0.14 
T ianjin 0.54~0.57 0.34~0.35 0.08~0.10 0.06 Hunan 0.54~0.61 0.26~0.30 0.03~0.04 0.15~0.17 
Hebei 0.70~0.77 0.21~0.25 0.02~0.05 0.055 Guangdong 0.32~0.40 0.50~0.50 0.05~0.10 0.1~0.13 
Shanxi 0.72~0.81 0.16~0.20 0.03~0.08 0.055 Guangxi 0.52~0.62 0.22~0.27 0.03~0.05 0.18~0.21 
Inner Mongolia 0.73~0.82 0.15~0.20 0.03~0.06 0.055~0.06 Hainan 0.22~0.30 0.47~0.51 0.18~0.20 0.1~0.12 
Liaoning 0.58~0.68 0.24~0.32 0.07~0.09 0.06 Chongqing 0.41~0.60 0.15~0.26 0.15~0.18 0.15~0.2 
Jilin 0.60~0.70 0.24~0.28 0.05~0.11 0.065~0.07 Sichuan 0.48~0.56 0.20~0.24 0.16~0.18 0.13~0.15 
Heilongjiang 0.55~0.59 0.33~0.35 0.07~0.08 0.06~0.07 Guizhou 0.60~0.74 0.15~0.25 0.05~0.07 0.11~0.13 
Shanghai 0.45~0.54 0.39~0.40 0.05~0.10 0.07~0.1 Yunnan 0.57~0.66 0.16~0.19 0.08~0.10 0.15~0.19 
Jiangsu 0.40~0.50 0.20~0.25 0.08~0.12 0.23~0.3 Shaanxi 0.57~0.62 0.25~0.30 0.09~0.15 0.09 
Zhejiang 0.50~0.60 0.30~0.35 0.06~0.10 0.09~0.11 Gansu 0.50~0.60 0.27~0.33 0.04~0.06 0.14~0.16 
Anhui 0.65~0.76 0.20~0.25 0.03~0.09 0.055~0.06 Qinghai 0.45~0.53 0.20~0.25 0.09~0.10 0.23~0.25 
Fujian 0.48~0.52 0.28~0.30 0.07~0.09 0.18 Ningxia 0.63~0.73 0.21~0.27 0.03~0.06 0.08~0.09 
Jiangxi 0.58~0.66 0.23~0.26 0.05~0.07 0.11~0.14 Xinjiang 0.43~0.48 0.31~0.33 0.18~0.20 0.08~0.09 
Shandong 0.53~0.65 0.30~0.35 0.04~0.10 0.06~0.07      
4 Conclusions and enlightenment  
According to coordinated development of the energy - economy – environment, coal-dominated 
energy structure of China will be converted to coal and oil-based energy structure, at the same t ime, 
primary power will start to show its importance as an alternative energy by 2020. Coal still occupies a 
considerable proportion in the energy consumption structure, and it is in line with energy resource 
endowment characteristics  of China. The key is to attach importance to China-made large-scale thermal 
power development, to promote super-close circles large units of thermal power construction, and to 
improve coal utilization efficiency, while to strengthen the clean coal technology development and to 
control environmental pollution. In 2007, the proportion of coal for power generation in  total coal 
production in China is 56.66%, the average value of OECD countries is 80%, and the proportion is as 
high as 90% in the United States. Therefore, we need to focus on developing high-capacity thermal power 
plants and converting more coal into electricity.  
According with world energy structure development law, the growth of oil gas is relatively  rapid. 
However, because China has a large population, o il gas resources are relatively deficient. The crude o il 
reserves that have already been verified  only occupy 2.4% of the total reserves of world  crude oil, and 
natural gas occupies 1.2% only. Per capita energy resources occupation is still less than 1/2 of the average 
level in  the world, and petroleum, natural gas are only  1/15. Petroleu m consumption is largely dependent 
on international crude oil supply. The dependence of China on foreign oil in 2007 is up to 49% [7], closing 
to the safe international cordons of energy, which is 50%. It is estimated that the dependence on oil 
import will increase to 58% in 2020, and the question of the energy security will mention in the agenda. 
The waterpower resources of our country occupy the first place all over the world, and the 
development of hydropower capacity can be 3.8 billion kW  while it is only develop 20% at present and 
still has great disparity from over 50% of the developed countries. So water should be a priority to the 
energy development of China, and investment in hydropower construction should increase year by year, 
1098  Qiu Lixin / Energy Procedia 5 (2011) 1093–1098
which has strategic meanings to improving energy structure and layout of China. The river o f our country 
is vertical-horizontal, and the small hydropower stations is enormous potential, low-cost and effective, 
which is suitable for dispersing construction, contributing to solve energy requirement in vast rural area 
and it can substitute some rural fuel wood and coal consume, and lighten the destruction to ecological 
environment and accelerate the development. 
The nuclear power is a clean, safe, high-efficient energy, which has important function in  increasing 
the energy supply of our country and reducing the emission of the greenhouse gas. The installed capacity 
of nuclear power is about 9 million kilowatts at present in China, occupying 1.3% of the national total 
installed power-generating capacity, which far below 16% of the world average. The goal of the general 
bureau of national energy is to make the installed capacity of nuclear power up to 70 million  kilowatts of 
scale in 2020, which means putting two nuclear power stations and four million kilowatts of reactors into 
operation every year at least [8]. The nuclear raw materials of our country are comparatively abundant, 
potential, which occupies an important position in the energy development strategy when the traditional 
energy will drop in production in the future, taking on main energy role. 
New energy and renewable energy resources  in China are very rich. Due to the restriction of 
technology and construction cost, it is difficult for new energy and renewable energy sources to play a 
major role at present, but with the development of technology and economic, new energy and renewable 
energy will become more and more important and replace conventional energy sources to become energy 
protagonist eventually. Developed countries are taking great efforts to develop and utilize the new energy 
and renewable energy. Therefore, a  h igh degree of emphasis on the research, development and utilization 
of new energy and renewable energy is an important energy developing strategy, and we should formulate 
preferential policies, increase the capital investment to promote new energy  and renewable energy to a 
faster development. 
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